Zn 2؉ AS AN IMPORTANT REGULATOR OF BIOLOGICAL FUNCTIONS
Zn 2ϩ is an essential component of many metalloproteins, including metalloenzymes and gene transcription factors (Vallee and Falchuk, 1993; Berg and Shi, 1996) . Zn 2ϩ is also likely a mediator of central neural signaling at excitatory synapses (Frederickson, 1989; Frederickson and Moncrieff, 1994; Smart et al., 1994) . Large amounts of chelatable Zn 2ϩ are present throughout the mammalian brain, predominantly stored in vesicles within excitatory nerve terminals (Danscher, 1984; Perez-Clausell and Danscher, 1985) . This synaptic Zn 2ϩ can be released in a Ca 2ϩ -dependent fashion with neuronal activity (Howell et al., 1984) and may achieve hundred micromolar concentrations in the extracellular space (Assaf and Chung, 1984) .
Once released, Zn 2ϩ may have functionally important effects on the behavior of multiple voltage-or ligand-gated channels (Smart et al., 1994; Harrison and Gibbons, 1994) . Given the systematic colocalization of Zn 2ϩ to glutamatergic terminals, its powerful ability to downmodulate N-methyl-D-aspartate (NMDA) receptors may be of particular significance (Peters et al., 1987; Westbrook and Mayer, 1987; Christine and Choi, 1990) . Furthermore, Zn 2ϩ is also a potent blocker of certain forms of GABA A receptors lacking a ␥ subunit (Westbrook and Mayer, 1987; Smart et al., 1991; Draguhn et al., 1990) , TTX-insensitive voltage-gated Na ϩ channels (White et al., 1993) , and T type Ca 2ϩ channels (Takahashi and Akaike, 1991) and can modulate the gating of certain K ϩ channels, especially hippocampal A currents (Harrison et al., 1993) and ATP-regulated K ϩ channels (Kwok and Kass, 1993) .
Excessive exposure to high concentration of Zn 2ϩ can kill cultured cortical neurons (Yokoyama et al., 1986) . Previous studies suggest that this neurotoxicity is mediated by Zn 2ϩ influx, in large part through voltage-gated Ca 2ϩ channels (Weiss et al., 1993) , as well as through NMDA receptor-mediated channels (Koh and Choi, 1994) and Ca 2ϩ -permeable AMPA/kainate receptor-gated channels (Yin and Weiss, 1995) . In vivo experiments have suggested that Zn 2ϩ can translocate from presynaptic terminals into the postsynaptic cell bodies of neurons injured after prolonged seizures (Sloviter, 1985; Friedrickson, 1989; Suh et al., 1996) 
